The geographical structure of a population distributed continuously and homogeneously along an infinite linear habitat is explored. The analysis is restricted to a single locus in the absence of selection, and every mutant is assumed to be new to the population. An explicit formula is derived for the probability that two homologous genes separated by a given distance at any time t are the same allele. The ultimate rate of approach to equilibrium is shown to be t-u/2e2ut, where u is the mutation rate. An approximation is given for the stationary probability of allelism in an infinite two-dimensional population, which, unlike previous expressions, is finite everywhere. For a finite habitat of arbitrary shape and any number of dimensions, it is proved that if the population density is very high, then asymptotically the transient part of the probability of allelism is spatially uniform and decays at the rate e1[2u+l/(2N)lt, where N is the total population size. Thus, in this respect the population behaves as if it were panmictic. The dependence of the amount of local gene frequency differentiation on population density and habitat size and dimensionality is discussed.
The rate of approach to homozygosity and the amount of genetic variability maintained by mutation are important classical prolems in population genetics and evolutionary theory. Taking into account geographical structure makes the investigation of these questions richer in interest and more realistic for natural populations. A good review of this subject is given by Maruyama (1) .
Let us write eXt for the time dependence of the eigenfunctions describing the transient part of the probability of allelism. Then we know from the work of Maruyama (1, 2) that for various finite one-and two-dimensional habitats, if the population density is very high, the asymptotic rate of approach to equilibrium is given approximately by Wright's celebrated formula (extended to include mutation at rate u) Xo = -2u -1/(2N), where N is the population size. Indeed, we shall show that this result holds for any finite habitat. It seems, however, that frequently the limiting case of a population of fixed and not necessarily high density in a large habitat might be more appropriate. Under these conditions, the decrease of heterozygosity in different finite habitats will be qualitatively similar to the decay for a circle of circumference L (1-3), for which the eigenvalues are very close to Xn = -2u -2(7ro/L)2(n + 1/2)2, n = 0 1, 2, ..., [1] where a is the standard deviation of the migration function r defined below in Sec. I.
As the habitat size increases, the eigenvalue spectrum given by Eq. [1 1 tends to continuity on the halfline X < -2u. Therefore, although o0 -s -2u, it does not follow that the ultimate rate of approach to the steady state is e-2U t. To obtain the rate in this limit, one must calculate the probability of allelism at an arbitrary time t for an infinite linear habitat. The biological significance of this problem is greatly enhanced by the results of Mal6cot (4-6) and Weiss and Kimura (7) , which show that at equilibrium in both one and two dimensions, even for infinite habitats, as the mutation rate tends to zero, so does the amount of genetic variability in the population.
The model treated in this paper is that of Mal6cot [7] and H(t,x) satisfies the partial differential equation (2, is given by
[10] and H(t,x) is completely specified. We proceed with its calculation.
To find the eigenfunctions of Eqs. [8] and [9] , let us substitute H(t,x) = eXtO(x) [ 
where the Green's function G reads G co G(t;x,x') = e-,2ut e -2 , 0 2 t / 2 ) V,(x) s oAir)dO.
[19]
[20]
A slightly longer way to derive Eq. [20] is to calculate the Laplace transforms of Eqs. [8] and [9] [21] where b = azVt/2 has the dimensions of length.
Equation [19] implies G(O+;x,x') = a6(x-x') and G(t;x,x') satisfies Eqs. [8] and [9] [7] shows that the population eventually becomes homozygous. Then H(t,x) is the asymptotic probability of nonallelism, and this approaches zero rather rapidly at the rate t-'/2. In particular, the ultimate probability that a randomly selected individual is heterozygous, H(t,O), tends to zero at the same rate.
II. Infinite two-dimensional habitat
It would be biologically highly desirable to solve the decay problem for an infinite population distributed over two spatial dimensions. Unfortunately, the two-dimensional formula given by Malecot (5) for the equilibrium probability of allelism diverges logarithmically as the separation between the two genes approaches zero. Not only is this pathology biologically unacceptable, but one can readily prove that it is inconsistent with the two-dimensional stationary analogue of Eq. [9] . As a first step toward an attack on the more difficult transient problem, we shall derive an approximation for the steady-state probability of allelism which is finite everywhere.
We generalize the formalism of Sec. I to two dimensions by employing vectors x = (x1,x2). We shall denote scalar products by x y and the element of area by d2x. Let r(x) A2x designate the probability that the separation between two individuals changes by a vector in the interval (x, x + Ax) in one generation. Since the proof in (3) clearly applies to any number of dimensions, we have r(-x) = r(x). The stationary probability of allelism, f(x) satisfies the integral equation (1, 5) f(x) = (1 -u)2[fr(y)f(X-y)dVy + sr(x)], [24] where s = [1 -f(o) ]/(2p) and p is the number of individuals per unit area. Following (5), we solve Eq. [24] using Fourier transforms. The result reads
f(x) (14-2J -(1 u)2R(k) duk [25] where the Fourier transform of r is R(k) = feikx'r(x)d2x. [3] where tj = xi/ai, and g is finite for all u > 0 and for all x.
Decomposing the denominator of the integral in Eq.
[32 ] into partial fractions, we obtain two integrals of the type evaluated by Malecot (5 (5) to anisotropic migration, and displays explicitly the proportionality constant not computed by Weiss and Kimura (7;  contrary to the assertions therein, the asymptotic analysis in this reference is valid for low mutation rate, not for large spatial separation. These authors' Eqs. [5.3] and the second of Eqs. [5.7] are incorrect, and the first of Eqs. [5.7] S, now has a boundary, B, we cannot assume spatial homogeneity, and must define f(tx,y) as the probability that two homologous genes, one at x and the other at y, are the same allele. We denote the probability that an individual migrates in time At from x to a location in the interval (y,y + Ay) by m(At,-xy)Any. For constant and uniform population density, p, one easily sees that m is the same as the probability density of initial positions, given final ones (6, p. 64). Then (1) f(t + At,-x,y) = (1 -uAt)2 {f(fC dnx'dny'm(At,-x',x) X m(At,y',y)f(t;X',y')
We take the limit At 0 by expanding f(tx',y') around xi = x, y' = y. We know fm(At;x',x)dnx' = 1, [39] and assume lim m(Atx',X) = B(x' -x), [40] the Dirac delta function in n dimensions, and
[41]
We suppose also that as At --0 (xi' -xi)(x' -xj)m(At, x',x)dnx' -jAt [42] (for an homogeneous habitat, the covariance matrix of r, defined by Eq.
[29], is twice that of m), and that terms of order higher than second contribute only to o(At) in Eq. [51] where N is the total population size. This proves that the ultimate approach to equilibrium for a very densely populated finite habitat is close to that for a panmictic population of the same total size. In particular, if u = 0, the ultimate probability of nonallelism, and hence the heterozygosity, decay at the rate e t/(2X)
If the habitat has a typical linear dimension L, and the characteristic migration standard deviation is a, we expect our panmictic result to hold when the ratio of the characteristic dimension of Q to that of the Laplaciai, an, is much less than one. Writing 21 = pc for the number of individuals in a "migration volume," we have an = (f/L)n1I'-/(a/L)' = (ox/L) f-2/M. If a,, is close to or greater than unity, there ought to be significant local differentiation of gene frequencies. Therefore, if a linear habitat is sufficiently large, the population occupying it will be ultimately strongly differentiated. For a two-dimensional habitat, only the number of individuals in a local mating unit, M, matters, and if this is much greater than one, the population will be essentially panmictic. These statements agree with the work of Wright (10, Ch. 12) and Maruyama (1, 2) . A population in a very large three-dimensional habitat is asymptotically necessarily panmictic.
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